Sodium salicylate acts through direct inhibition of phosphoinositide 3-kinase-like kinases to modulate topoisomerase-mediated DNA damage responses.
Chemopreventive non-steroidal anti-inflammatory drugs (NSAIDs) exhibit diverse pharmacological and biological activities mainly through their inhibitory effect on cyclooxygenase (COX). However, COX-independent mechanisms involving kinase inhibition have been proposed to explain certain therapeutic effects of NSAIDs. Here, we explored the potential relationship between chemopreventive NSAIDs and DNA damage responses induced by treatment with topoisomerase-targeting drugs. (1) Sodium salicylate, a non-COX-selective NSAID, was shown to reduce DNA damage-induced RPA and p53 phosphorylation. (2) The formation of enzyme cleavable complexes by topoisomerase-targeting drugs was not affected in the presence of sodium salicylate. (3) The attenuating effect of NSAIDs on the DNA damage responses is COX-2-independent, since COX-2-selective inhibitors failed to inhibit DNA damage-induced phosphorylation of replication protein A (RPA) and p53. (4) This COX-2-independent attenuating effect was mediated through interference of neither nuclear factor kappa B nor extracellular signal-regulated kinase pathways. (5) The activation of ataxia telangiectasia mutated (ATM) kinase and DNA-dependent protein kinase (DNA-PK), two key signal transducers upstream of RPA and p53, was found to be significantly reduced with sodium salicylate treatment. (6) Most importantly, sodium salicylate and other NSAIDs directly inhibited kinase activity of ATM and DNA-PK. The extent of inhibition on the kinase activity also correlated with the degree of attenuation on the DNA damage responses. (7) Unexpectedly, sodium salicylate showed a p53-independent protection effect on topoisomerase-mediated cell killing. Together, our study provides evidence that NSAIDs exhibit a novel COX-independent modulating activity of NSAIDs on the DNA damage responses and it is through inhibition of phosphoinositide 3-kinase-like kinases.